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Abstract
This paper introduces the hypothesis of habit formation in consumption in the Sidrauski [Am. Econ. Rev.
Papers Proc., 57 (1967) 534] model. A number of results are derived: (1) as in the Sidrauski model money is
superneutral and the Friedman rule still provides the optimal quantity of money; (2) the demand for money in
this model is greater than in the Sidrauski model; (3) the money demand reflects the habit persistence related to
past consumption and the rate of time preference, and it is more sensitive to changes in inflation and nominal
interest rates than the Sidrauski model.  2001 Elsevier Science B.V. All rights reserved.
Keywords: Consumption behaviour; Money demand; Money and growth
JEL classification: E41; D91; O42

1. Introduction
There has been growing interest on the effects of habit formation in consumption in the recent
macroeconomics literature. The interest is associated with the fact that the standard representative
agent models with intertemporally separable preferences have failed to explain several empirical
observations. For example, Constantinides (1990) argues that habit persistence drives a wedge
between the relative risk aversion of the representative agent and the intertemporal elasticity of
substitution in consumption, which helps to explain the equity premium puzzle. Carroll et al. (2000)
show that the introduction of habit formation in consumption in an endogenous growth model
generates growth-to-saving causality. Fuhrer (2000) explores a monetary-policy model with habit
formation for consumers and finds that the responses of both spending and inflation to monetarypolicy actions are significantly improved.
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Nevertheless, the literature is far from reaching a consensus about the importance of the habit
formation hypothesis. Studies of time-nonseparable preferences based on aggregate consumption data
yield mixed conclusions about the importance of habit formation. On the one hand, Dunn and
Singleton (1986) and Heaton (1993) find little evidence of habit formation in US aggregate monthly
consumption data. On the other hand, Ferson and Constantinides (1991) and Braun et al. (1993) find
significant amounts of habit formation for the American and Japanese consumption data, respectively.
Recent evidence appears in Dynan (2000) who tests the hypothesis of habit formation in consumption
with food consumption data. Her results yield no evidence that habits explain the evolution of
consumption over time.
This paper aims at contributing to the theoretical part of this literature by extending the habit
formation hypothesis to the neoclassical monetary growth model developed by Sidrauski (1967). The
paper examines if consumption habits affect the classical results and implications of the Sidrauski
model, such as the superneutrality of money, the money demand function, and the Friedman rule. The
exercise is straightforward, since the modeling strategy of considering habit formation in consumption
is composed of two elements. Firstly, a habit stock, determined by past consumption, is introduced in
the utility function. Secondly, the time evolution of the stock of habits is taken as a dynamic
constraint in the representative agent problem.
The paper is organized as follows. Section 2 presents the Sidrauski model extended with the habit
formation in consumption. The steady state solutions of this model are contrasted with the basic
Sidrauski model. The concluding remarks appear in Section 3.

2. The model
The model developed by Sidrauski (1967) considers real money balances (m) in the utility function
and in the budget constraint of the representative agent. In the present model the individual cares not
only about m and the instantaneous flow of consumption (c), but also takes into account his past
consumption, captured by his stock of habits (h). The instantaneous isoelastic utility function
proposed by Abel (1990) is adapted to introduce m:

fsc /hgd am 12ag 12s
U(c, h, m) 5 ]]]]]
12s

(1)

where a is a positive parameter that lies in the unitary interval, s is the coefficient of relative risk
aversion, and g [ [0, 1) indexes the importance of habits. If g 5 0, then habit stock has no relevance,
and the utility function reduces to the Sidrauski case. While if g 5 1, consumption relative to habit
stock is very important.1
Following Carroll et al. (2000) it is assumed that the stock of habits is a weighted average of past
consumption. The stock of habits evolves according to:
h~ 5 r (c 2 h)
1

(2)

It is worth stressing that in this framework, where all agents are equal, the aggregate consumption per capita is the same
as the representative agent consumption, so the ‘catching up with the Joneses’ utility function is the same as in the habit
formation model.
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where r is a positive parameter determining the relative weights of consumption at different times.
The smaller is r, the less important is consumption in the recent past.
The individual holds his real wealth (a) in the form of either real money balances or capital (k). His
budget constraint is given by:
a~ 5 [(r 2 n)a 1 w 1 x] 2 [c 1 (p 1 r)m]

(3)

where a5m1k, w is the real wage, r is the real interest rate, n is the rate of population growth, x is
the government transfer, p is the inflation rate, the variables are in per capita terms.
The individual maximizes a discounted, infinite stream of utility:
`

Max
c, m

E U(c, h, m)e

2u t

dt

0

subject to Eqs. (2), (3), and the usual no-Ponzi game condition:
t

lim a t exp 2
t →`

3E

4

(rt 2 n) dt 5 0

0

(4)

where u is the rate of time preference.
The current value Hamiltonian is:
H 5 U(c, h, m) 1 c h(r 2 n)a 1 w 1 x 2 [c 1 (p 1 r)m]j 1 lr (c 2 h)
where c is the costate variable associated with Eq. (3) and l is the costate variable associated with
Eq. (2). It is important to notice that when r 5 0 and g 5 0, the Sidrauski (1967) model is a special
case of this model.
In order to solve the model two assumptions have to be made. Firstly, assuming competitive factor
markets and that firms use constant returns to scale technology [y 5 f(k), f 9(k) . 0, f 0(k) , 0], we
have: r 5 f 9(k), and w 5 f(k) 2 kf 9(k).
Secondly, the lump-sum transfers are equal to the seigniorage from money issue: x 5 V m 5 (p 1
n)m, where V is the rate of money growth.
The steady state solutions of this model, denoted by an asterisk, are the following:
f 9(k*) 5 u 1 n

(5)

c* 5 f(k*) 2 nk

(6)

c* 5 h*

(7)

(1 2 a)(u 1 r )c*
m* 5 ]]]]].
a(p 1 r)u

(8)

The system of Eqs. (5)–(8) is block recursive. Eq. (5), the modified golden rule, determines the
steady state stock of capital (k*). Then Eq. (6) determines the steady state consumption (c*), followed
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by Eq. (7) which gives the equilibrium value of h, (h*). Finally Eq. (8), the demand for money
function, determines the steady state value of real money balances (m*).
The block recursiveness of the steady state solutions above raises the first result of the paper:
money is superneutral. One can see by Eqs. (5) and (6) that the money growth rate (V ) does not
affect the level of the steady state capital stock (k*) and of consumption (c*). Eqs. (5) and (6) are
given by the same conditions as in the Sidrauski model, which are the same as in the nonmonetary
Ramsey model.
The well known implication of the superneutrality result is the Friedman rule. That is, the steady
state utility can be maximized by making real money balances large enough that their marginal utility
equals zero. From the first order conditions of the model we have: Um (c, h, m) 5 c (p 1 r). So by
making Um (c, h, m) 5 0, yields the Friedman rule: r 5 2 p, which states that the individuals are
satiated with money when the rate of return on money, given by the rate of deflation, is equal to the
rate of return of capital, given by the real interest rate.
A number of results emerge from the comparison between the money demand derived from the
model with habit formation and the money demand in the Sidrauski model. Note that the money
demand in the Sidrauski model is given by:
(1 2 a)c*
m s 5 ]]].
a(p 1 r)
One can see that the money demand in the present model (Eq. (8)) is greater than the money
demand of the Sidrauski model:
(1 2 a)c* (1 2 a)(u 1 r )c*
m s 5 ]]] , ]]]]] 5 m*.
a(p 1 r)u
a(p 1 r)
This is due to the fact that the money demand in Eq. (8) reflects the habit persistence, captured by
the term r, and the rate of time preference, u. In addition, note that an increase in the rate of time
preference decreases the demand for money, and that an increase in the habit persistence increases the
money demand:
2 (1 2 a)r c*
dm*
]] 5 ]]]]]
,0
du
a(p 1 r)u 2
dm* (1 2 a)c*
]] 5 ]]] . 0.
dr
a(p 1 r)u
Another important characteristic of this demand for money function is that the impact of inflation
and the nominal interest rate are less than in the Sidrauski model:
2 (1 2 a)a(u 1 r )u c*
2 (1 2 a)ac* dm s
dm*
]] 5 ]]]]]]]
]]]]]
,
5 ]]
dp
dp
[a(p 1 r)u ] 2
[a(p 1 r)] 2
2 (1 2 a)a(u 1 r )u c*
2 (1 2 a)ac*
dm*
dm s
]]] 5 ]]]]]]]
]]]]]
]]]
,
5
.
d(p 1 r)
d(p 1 r)
[a(p 1 r)u ] 2
[a(p 1 r)] 2

(9)

(10)

Eqs. (9) and (10) show that the demand for money derived in the model with habit persistence is
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more sensitive to changes in the monetary policy than the money demand derived from the Sidrauski
model.

3. Concluding remarks
This paper introduces the hypothesis of habit formation in consumption into the Sidrauski model. A
number of appealing results are derived. The superneutrality of money is proven to be robust even
when past consumption is taken into account. As in the Sidrauski model, the Friedman rule still
provides the optimal quantity of money. However, the money demand differs significantly from the
Sidrauski model. In the present model, the money demand reflects the habit persistence related to past
consumption and the rate of time preference. It is shown that the optimum amount of money
demanded in this model is greater than in the Sidrauski model. One important consequence is that the
money demand is more sensitive to changes in the inflation and in the nominal interest rates than in
the Sidrauski model.
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